Heterogeneous mixtures of toxic chemical wastes affecting the normal operations of a sewage treatment facility employing anaerobic digestion were detected by dark-field observation of uncoordinate flagellar orientation patterns displayed by cells of Spirillum volutans. These results were compared with plant parameters determined by gas production, volatile fatty acids, and alkalinity measurements.
Heterogeneous mixtures of toxic chemical wastes affecting the normal operations of a sewage treatment facility employing anaerobic digestion were detected by dark-field observation of uncoordinate flagellar orientation patterns displayed by cells of Spirillum volutans. These results were compared with plant parameters determined by gas production, volatile fatty acids, and alkalinity measurements.
Sanitary sewage systems associated with industrial communities are often subjected to industrial chemical wastes, which can cause a partial or complete inhibition of anaerobic digestion upon receipt at the treatment plant. In such cases, raw or partially treated sewage sludge must be diverted to holding basins until digester activity can be restored. A simple prewarning system for detecting potentially detrimental inhibitory materials would allow the timely diversion of influent, thus protecting plant operations. In this study, the monitoring system described by Bowdre and Krieg (1) was tested. They used the large helical aquatic bacterium Spirillum volutans as the test organism. S. volutans possesses a rotating fascicle of flagella at each cell pole. The position and movement of these fascicles are clearly visible by dark-field illumination. The polar fascicles form oriented cones of revolution in normal motile cells (Fig.  la) . The bacteria frequently reverse their direction, reorienting the polar fascicles simultaneously (Fig. lb) ; the tail fascicle becomes the head fascicle and vice versa (3, 4) . Variations of this normal pattern in response to various metal ions and chemicals have been described (3) . These variations are shown as (i) dual head uncoordination (Fig. lc) or (ii) dual tail uncoordination (Fig. ld) . Although the flagella still rotate at high speed, the uncoordinated cells are unable to swim because of the opposing propulsion at the cell poles. Various concentrations of chemical agents can cause different types of uncoordination or a total loss of rotation. Caraway and Krieg (2) expanded the list of chemical agents causing various types of uncoordination. Since many of these agents can be found in industrial wastes, the method of Bowdre and Krieg (1) was employed.
S. volutans (ATCC 19554) was transferred daily in casein hydrolysate-succinate-salts medium composed of the following in ion-free, glassdistilled water (grams per liter): "vitamin-free," salt-free casein hydrolysate (Nutritional Biochemical Co., Cleveland, Ohio), 2.5; succinic acid, 1.0: MgSO4 * 7H20, (NH4)2SO4, 1.0; FeCl3 * 6H20, 0.002; and MnSO4 -H20, 0.002. The pH was adjusted to 6.8 with KOH, and the medium was dispensed in 80-ml quantities into 250-ml Erlenmeyer flasks and sterilized at 121°C
(15 lb/in2) for 15 min. Inocula consisted of 2.0 ml of a 24-h culture incubated at 30°C. Motility was observed in the defined test medium (DTM) composed of (grams per liter): MgSO4 * 7H20, 0.05; (NH4)2SO4, 1.0; EDTA, 0.0073; N,N-bis-(2-hydroxyethyl)-2-aminoethanesulfonic acid (BES buffer), 0.2133; ion-free glass-distilled water. The pH was adjusted to 6.8 with KOH. All glassware and slides were cleaned with 1% HCl, washed with nonionic detergent, and rinsed twice with ion-free glass-distilled water.
Samples were collected from the influent pipe of a suburban secondary treatment facility. The plant was designed for sanitary domestic sewage treatment and not for industrial wastes. However, occasional spills, etc., associated with nearby industries have been received, disrupting digester activity. Sewage influent was tested for chemical pollutants as follows. Four samples were collected daily for 3 consecutive months during periods of average, minimum, and maximum flow rates. Peak influent flows occurred at 7:00 A.M. and 7:00 P.M., and minimum flows were at 1:00 P.M. and 12:00 midnight. Grab samples were collected at 7:30 A.M., 1:00 P.M., 7:00 P.M., and 1:00 A.M. Samples were adjusted to pH 6.8 with 1 
